The optimal treatment strategy for older rectal cancer patients remains unclear. The current study aimed to compare treatment and survival of rectal cancer patients aged 80+. METHODS: Patients of ≥80 years diagnosed with rectal cancer between 2001 and 2010 were included. Population-based cohorts from Belgium (BE), Denmark (DK), the Netherlands (NL), Norway (NO) and Sweden (SE) were compared side by side for neighbouring countries on treatment strategy and 5-year relative survival (RS), adjusted for sex and age. Analyses were performed separately for stage I-III patients and stage IV patients. RESULTS: Overall, 19 634 rectal cancer patients were included. For stage I-III patients, 5-year RS varied from 61.7% in BE to 72.3% in SE. Proportion of preoperative radiotherapy ranged between 7.9% in NO and 28.9% in SE. For stage IV patients, 5-year RS differed from 2.8% in NL to 5.6% in BE. Rate of patients undergoing surgery varied from 22.2% in DK to 40.8% in NO. CONCLUSIONS: Substantial variation was observed in the 5-year relative survival between European countries for rectal cancer patients aged 80+, next to a wide variation in treatment, especially in the use of preoperative radiotherapy in stage I-III patients and in the rate of patients undergoing surgery in stage IV patients.
INTRODUCTION
Colorectal cancer is the second most common cancer in Europe and is the second cause of death from cancer, with an estimated number of 215 000 deaths in 2012 in Europe. 1 Rectal cancer is predominantly a disease of older patients, as the median age at diagnosis is 69 years. 2 With the ageing population the number of older rectal cancer patients is expected to increase further. Older patients often have more comorbidities, an increased complication rate and a poorer prognosis. 3 The evidence regarding the most optimal treatment for older rectal cancer patients is rather limited, because older patients are frequently excluded from randomised clinical trials.
Surgery is the cornerstone in the curative treatment of rectal cancer. The outcome of rectal cancer has improved dramatically after the introduction of total mesorectal excision (TME) surgery, the recognition and evaluation of the circumferential resection margin and after the introduction of neoadjuvant chemoradiotherapy. [4] [5] [6] [7] Although treatment guidelines vary between countries, most agree that patients with stage I disease (T1-2N0M0) should undergo surgery without neoadjuvant therapy, and that patients with locoregional advanced disease stages need neoadjuvant chemoradiotherapy. Most countries apply preoperative radiotherapy or chemoradiotherapy for defined subgroups of patients. However, unresolved questions remain about the fractionation and duration of radiotherapy (short course vs. long course), optimal time to surgery and the benefit of the addition of chemotherapy. In general, when downsizing of the tumour is desired, treatment with chemoradiotherapy and delayed surgery is preferred, and for less-advanced tumours short-course radiotherapy can be used. 6, 8 For older or frail patients, short-course radiotherapy with delayed surgery may be preferred over longcourse chemoradiotherapy, and also dose reduction or omitting the chemoradiotherapy could be considered. 9, 10 For rectal cancer patients with limited metastatic disease (stage IV), a treatment strategy with curative intention may combine a R0-resection of the primary tumour as well as resection of the metastases, often after induction treatment. 11 However, most stage IV patients are incurable and palliative chemotherapy (with or without targeted agents) is the therapy of choice, although some patients are not eligible for chemotherapy due to frailty or comorbidity.
11
Comparative effectiveness research has gained interest over the years. 12, 13 Given that randomised clinical trials are not feasible for older patients and that outcomes should reflect a real-world clinical scenario, comparative effectiveness research on population-based observational data is a very suitable way to gain new insights in the best treatment strategies in geriatric oncology. Therefore, population-based data of rectal cancer patients aged 80+ of five different European countries (Belgium (BE), Denmark (DK), the Netherlands (NL), Norway (NO) and Sweden (SE)) were collected. The current study aimed to compare treatment strategy and survival in rectal cancer patients in these five European countries, separately analysed for patients with stage I-III and stage IV disease. RS was defined as the ratio of the survival observed in the cohort and the expected survival based on the matched general population in the respective countries. National life tables of the respective countries were used to estimate expected survival. RER and 95% CI were calculated for the differences between countries, using a multivariable generalised linear model with a Poisson distribution, based on collapsed RS data, using exact survival times. RS and RER were truncated at 5 years. Analyses were performed separately for patients with stage I-III disease and patients with stage IV disease. In case of missing stage, patients were excluded from the stratified analyses. Treatment strategy and RER were compared between neighbouring countries: DK vs. SE, NO vs. SE and BE vs. NL. T h e N e t h e r l a n d s P r e o p e r a t i v e C R T ∧ P r e o p e r a t i v e R T ∧ S u r g e r y
MATERIALS AND METHODS
P r e o p e r a t i v e C R T ∧ P r e o p e r a t i v e R T ∧ S u r g e r y STATA/SE version 12.0 was used for all analyses. A p-value < 0.05 was considered as statistically significant.
RESULTS

Patient characteristics, tumour characteristics and median followup
In total 19 634 rectal cancer patients were included ( Table 1) . The majority of patients were between 80 and 84 years in all countries. In DK, 26.2% (n = 640) of the patients was diagnosed with a stage IV disease, compared to 12.6% (n = 457) in BE, 15.4% (n = 996) in NL, 16.7% (n = 698) in SE and 17.0% (n = 497) of the patients in NO.
Median follow-up was 2.5 years (range: 0.0-13.5 years). Median follow-up of patients alive at the end of follow-up was 3.3 years (range: 0.0-13.5 years).
Stage I-III rectal cancer
Comparison of treatment and absolute survival between neighbouring countries. Stage I-III patients in SE received 29.3% preoperative chemoradiotherapy or preoperative radiotherapy in comparison with 10.8% of the Danish patients and 8.2% of the Norwegian patients (Fig. 1) 
Preoperative treatment (chemoradiotherapy or radiotherapy) was given more often in NL compared to BE (36.4% vs. 24.7%, Fig. 1 ), whereas Belgian patients received preoperative chemoradiotherapy more often (10.6% vs. 2.3%). In NL, 34.1% of the patients received preoperative radiotherapy compared to 14.1% in BE. The rate of patients undergoing surgery in NL and BE was comparable (86.2% vs. 84.4%). Survival of Dutch patients did not differ compared to Belgian patients (adjusted RER 1.01, 95% CI: 0.88-1.14, P = 0.92).
Relative survival. RS according to country is shown in Fig. 3a . Five-year RS of stage I-III patients in SE was 72.3% (95% CI: 68.4-76.2), whereas 5-year RS in BE was 61.7% (95% CI: 58.0-65.4).
Stage IV rectal cancer
Comparison of treatment and absolute survival between neighbouring countries. The proportion of stage IV patients in DK and SE who received chemoradiotherapy or radiotherapy (17.5% and 18.0%, Fig. 2 ) was higher compared to NO (8.7%). Less Norwegian patients received chemotherapy (2.2%) as compared to the Danish patients (11.1%) and Swedish patients (12.4%). Less Danish patients underwent surgery (22.2%), in comparison with 34.0% in SE and 40.6% in NO. Stage IV patients in SE had an improved survival compared to NO (adjusted RER 0.86, 95% CI: 0.75-0.97, P = 0.002), whereas no survival difference was observed between SE and DK (adjusted RER 1.03, 95% CI: 0.91-1.17, P = 0.60).
The proportions of preoperative chemoradiotherapy and radiotherapy given to stage IV patients in BE and in NL were not significantly different (9.4% vs. 7.5%). More often stage IV patients in BE (17.7%) received chemotherapy, compared to 2.2% in NL (Fig. 2) . A larger proportion of the Belgian stage IV patients underwent surgery compared to the Dutch patients (39.8% vs. 28.1%). Stage IV patients in NL had an impaired survival compared to BE (adjusted RER 1.20, 95% CI: 1.05-1.37, P = 0.006).
Relative survival. RS according to country is shown in Fig. 3b . For stage IV patients, 5-year RS in NL was 2.8 (95% CI: 1.2-5.6) compared to 5.6% in BE (95% CI: 3.0-9.5).
DISCUSSION
In this study, the variety of treatment strategies and survival of rectal cancer patients of 80 years or older was evaluated in a large population-based cohort from five European countries. A wide range of variation in treatment was observed, especially in the use of preoperative radiotherapy in stage I-III patients and the rate of undergoing surgery in stage IV patients. Furthermore, substantial variety in 5-year RS between countries was found.
Stage I-III rectal cancer patients It has been shown that that preoperative radiotherapy and TME reduces the rate of local recurrence compared to TME alone, and preoperative radiotherapy or chemoradiotherapy has played an important role in rectal cancer treatment since. 20 However, different neoadjuvant strategies for rectal cancer care are implemented across Europe. 21 Recently, Glimelius et al. 22 compared local recurrence rates and survival in rectal cancer patients between NO and SE. Entirely different neoadjuvant approaches were observed; in SE, 49% of all rectal cancer patients received radiotherapy (mostly short course) compared to NO where 26% of patients received radiotherapy (mostly chemoradiotherapy). Interestingly, similar survival and in later years similar local recurrence rates were found in the two countries. 22 In accordance with these results, the current study of elderly rectal cancer patients showed a large range of variation in the use of preoperative radiotherapy and chemoradiotherapy across the five European countries. A high proportion of the Swedish patients (29%) received preoperative radiotherapy compared to neighbouring countries NO (8%) and DK (8%). Similar rates of Swedish and Danish underwent surgery (both 92%), whereas this number was lower in NO (77%). These high percentages of operated patients in SE and DK might be a reflection of a better performance status of these patients, but this information was unfortunately not available. This could have contributed to the high 5-year survival in SE. Furthermore, this high survival curve in SE might be explained by the aggressive treatment strategy, consisting of a high proportion of patients undergoing preoperative radiotherapy and surgery.
Although it is shown that preoperative radiotherapy decreased local recurrence rate in rectal cancer patients aged 70+ compared to no or postoperative radiotherapy, a lower rate of the use of radiotherapy alone or in combination with surgery is seen compared to younger patients. 23, 24 A recent registry study of patients with rectal cancer stage I-III has shown that preoperative radiotherapy or chemoradiotherapy is associated with reduced risk of local recurrence, and tendency of improved survival, significant in patients >70 years. 25 An explanation for the lower use of radiotherapy might be that a higher risk of recurrence may be deemed acceptable in elderly patients, as in this group maintaining health and function is of great importance in order to maintain ability of self-care. 26 On the other hand, radiation therapy alone, for instance in combination with endorectal brachytherapy, might be an option for achieving local control, as recently explored in the HERBERT study in elderly or inoperable rectal cancer patients. 27 A high overall response rate was observed, however, with a high rate of severe late toxicity.
Variety was seen regarding the rate of operated patients in stage I-III rectal cancer patients. In SE, 92% of the patients underwent surgery, while only 77% of the patients in neighbouring NO were operated. Several studies have shown that older rectal cancer patients are less likely to undergo surgery. 28 In the Surveillance, Epidemiology, and End Results database between 1998 and 2009, approximately 80% of the rectal cancer patients aged <80 underwent surgery, compared to 70% of the patients between 80 and 89 years, and only 50% of the patients 90 years or older. 28 The operated patients aged 80+ had a better survival compared to the not-operated patients, suggesting that surgery should be considered for each patient, irrespective of age. 28 Nevertheless, due to the retrospective design of this study, selection bias is highly expected, as only a proportion of older patients underwent surgery, which may reflect a selection of patients who are physically more fit and have a better performance status.
Regarding the outcomes after surgery for older rectal cancer patients, some studies showed comparable outcomes after surgery in rectal cancer patients aged 70+, whereas other studies showed a higher rate of complications and worse survival. 3, 29 Especially for elderly, local procedures such as transanal endoscopic microsurgery should be considered as an option in order to avoid major surgery. 30 This surgical approach is a local excision technique, suitable for well-selected T1 rectal cancer or patients with T2 rectal cancer who are unsuitable for major surgery due to comorbidity. Another suitable alternative for rectal cancer surgery might be the "watch and wait" strategy for tumours with complete response after radiotherapy. [31] [32] [33] As in the older rectal cancer patients prognosis and treatment decisions are greatly influenced by comorbidity and frailty, a geriatric assessment has become an important component (in the preoperative phase) in the treatment of older colorectal patients. 26, 34 The International Society for Geriatric Oncology recommends that a geriatric assessment should be implemented in current guidelines in order to optimise clinical decision-making for older rectal cancer patients, so age itself should not prevent patients from receiving treatment recommended in guidelines for colorectal cancer. 26 Stage IV rectal cancer patients The typical treatment backbone of stage IV rectal cancer patients comprises chemotherapy. 35 Older rectal cancer patients have been highly underrepresented in most chemotherapy trials, although during the latest years more data have become available for this group of patients. 26 Fit older patients seem to derive a similar benefit of combination chemotherapy (and bevacizumab), but data concerning improved survival and acceptable quality of life are still lacking for this population. Also, older rectal cancer patients are less likely to undergo radical resection compared to younger counterparts and a bigger proportion of patients receive palliative radiotherapy.
In the current study, stage IV patients in NO were approximately twice as likely to undergo surgery compared to DK (40.8% vs. 22.2%), illustrating the different treatment approaches. Currently, there is very low-quality evidence available regarding the benefit of surgical resection of the primary tumour in stage IV colorectal cancer. Some studies showed survival benefit in stage IV colorectal patients in favour of the resection group compared to the nonresection group, while other studies did not report any significant difference in survival. 36, 37 Strengths and limitations To our knowledge, an international comparison between European countries of rectal cancer patients aged 80+ regarding treatment and RS has not been performed before. Furthermore, the data of five different countries and the large number of patients from the national cohorts strengthen the results of this study. Considering that outcomes of older rectal cancer patients are rarely reported, outcomes of this study are valuable to determine the most optimal treatment for this population. Our study showed that substantial variation in treatment between European countries exists, emphasising the need for uniform definitions and registration of data to study outcomes of treatment strategies. 38 Although adjusting for sex, stage and age in current analyses, residual confounding cannot be excluded. Additional confounding factors, as comorbidity and emergency surgery, were not available in the national data sets. As this study contains data of several national registries, there could be differences between these registrations such as the reliability of the data, which may have obscured the results of the current study. Data on chemotherapy in NO are for instance based on the planned treatment, which might be different from the actual received chemotherapy. Furthermore, the non-staged patients could have influenced the results as these patients were excluded for the stratified analyses. This group could contain patients who are not deemed fit for surgery due to frailty and comorbidity and as a consequence, better results might have been observed in the current study. Finally, no data were available about the chemotherapy regimens and number of courses, although recently it has been shown that chemotherapy is increasingly used in older stage IV colorectal patients. 39 
CONCLUSION
In conclusion, this observational international comparison across five countries of rectal cancer patients aged 80+ showed a wide range of variation in treatment strategy, especially in the use of preoperative radiotherapy in stage I-III patients and the rate of undergoing surgery in stage IV patients. Moreover, variations in 5-year RS in stage I-III patients were observed. A clear pattern between treatment and survival was not observed. Further research into selection criteria for certain treatment strategies could lead to tailored treatment for older rectal cancer patients in order to achieve the ultimate aim of improving outcomes in this growing group of patients.
